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ABSTRACT
This paper describes an approach to identify, quantify and express uncertainties in optical fiber grating sensor
measurements, based on the International Standard Organization’s Guide to the Expression of Uncertainty in
Measurement. The proposed approach was used to evaluate the uncertainties in the measurements performed with both a
fiber Bragg temperature sensor and a long period grating refractometric sensor.
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1. INTRODUCTION
In recent years, optical fiber grating sensors based on fiber Bragg gratings (FBGs) and long period gratings (LPGs) have
been widely investigated and several industrial applications of such transducers have been reported1-5. However, the
worldwide acceptance of this photonic technology requires the development of standards and guidelines for specification
and testing based on optical metrology6. An important issue is the reliability in the measurement performed by optical
fiber grating sensors, which is influenced by random and systematic errors. An accurate and precise result can only be
obtained if the error sources are identified, quantified and taken into account in the sensor response. Although calibration
process can be used to compensate for systematic effects, random effects can not be completely eliminated. Such effects
must be quantified and included in the sensor response by means of a doubt range called uncertainty, which reflects the
lack of exact knowledge of the measurand value. Therefore, the result of a measurement after correction for recognized
systematic effects is still only an estimate of the measurand value, because of the uncertainty arising from random effects
as well as from imperfect correction of systematic effects. Clearly uncertainty analysis is necessary, but this is often a not
well standardized task, making difficult the comparison of the measurements with reference values or with other
measurement systems.
The Guide to the Expression of Uncertainty in Measurement (GUM), published by the International Organization for
Standardization, establishes general rules for evaluating and expressing uncertainty in measurement7. This guide
describes international recommendation about uncertainty analysis in measurement and has been used in a wide range of
measurements8-13. However, the evaluation of uncertainties in optical fiber grating sensor measurements according to
GUM is still incipient. The first standard draft on generic specification for optical fiber sensors was published in 199514,
shortly followed by the publication of the first draft for a specific type of optical fiber sensor (an optical fiber gyroscope)
in 199615. However, a guideline for the use of optical fiber sensors containing the definition of basic terms and the
description of important sensor features was only released in 200916. In the same year, a guideline on optical FBG based
strain sensors was published in Germany17. A strain sensitivity calibration of optical FBG-based strain sensors according
this guideline was recently reported18. Additionally, fundamental limits in FBG peak wavelength measurements were
reported in [19]. However, a lack of any approach based on GUM for evaluation of uncertainties in optical fiber grating
sensors measurements still remains.
This paper describes an approach to identify and quantify uncertainties in optical fiber grating sensor measurements
based on GUM. A fiber Bragg temperature sensor and a long period grating refractometric sensor were characterized
according to the proposed approach, and their combined standard uncertainties and expanded uncertainties were
determined.
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